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Abstract
We present a private SUSY Higgs model with four Higgs doublets, where each fermion type (up, down,
and charged leptons) obtain their masses from a different Higgs doublet Hf (f = u1, d, e). After imposing the
conditions for anomaly cancellation, one finds that the remaining doublet Hu2 , must have the same hypercharge
as Hu1 , and thus can only couple to up-type quarks, which opens the possibility to have FCNCs in this sector.
We discuss the Lagrangian and the Higgs potential of the model, in order to identify the Higgs mass eigenstates
and their interactions, with Yukawa matrices of the texture type. After imposing LHC constraints on the Higgs
properties, we identify viable regions of parameter space, which we use to evaluate the decay t → ch, finding
that it can reach typically B.R.(t→ ch) ≈ O(10−5). These rates are compared with current bounds from LHC,
finding that some cases are already ruled out, but some cases could only be tested at future LHC stages.
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1
1 Introduction
After the Higgs discovery at LHC [1, 2, 3], the attention has focused on the precision test of the Higgs boson proper-
ties. So far, the measurements of its couplings with fermions and gauge bosons point towards a SM interpretation,
however given that only a few of them have been probed [4], there is room for new physics. In particular, regarding
the fermion-Higgs couplings, LHC have measured directly or indirectly, only the coupling with top, bottom and tau
pairs, and all of them seem to fit the straightline, as function of the fermion mass, which is predicted in the SM.
However, the precision level achieved so far allows for other possibilities, for instance it could be that each fermion
has its own ”private” Higgs [5, 6, 7], and then the corresponding Higgs-fermion couplings would lay on different
lines. Extension of the Higgs sector not only predict modification of the SM couplings, but could also include new
type of interactions, such as FCNC Higgs fermions couplings, as well as extra neutral and charged Higgs particles.
Multi-Doublet Higgs Models are a straightforward extension of the SM, where the total vev is given by v2 =
v21 + v
2
2 + · · · + v2n = (246 GeV)2, and vi = 〈0|Hi|0〉 is the vev of the neutral component of each Higgs doublet.[8]
In this case there are deviations from the SM predictions for the Higgs couplings hWW , hZZ, with h = h01 being
the lightest neutral CP−even Higgs within the scalar spectrum. This type of models offer also the possibility
of having flavor-changing neutral higgs couplings, which have been studied in the past, including the case where
fermion herarchy is reproduced through the FN mechanism [9, 10]. Within the most general version of the 2HDM,
both Higgs doublets couple to all types of fermions. In this case, the diagonalization of the full mass matrix, does
not imply that each Yukawa matrix is diagonalized, therefore FCNC can appear at tree level. Within this general
model, one must reproduce the observed fermion masses and mixing angles, while at the same time the level of
FCNC must satisfy current experimental bounds [11]. One possibility to achieve this, is the assumption that the
Yukawa matrices have a certain texture form, i.e. with zeroes in different elements, and in particular it is known
that the 4-zero texture is consistent with flavor physics.
Supersymmetry (SUSY) has also been widely studied as a possibility to solve or at least to ameliorate, the
hierarchy problem [12]. The minimal SUSY model (MSSM) includes two Higgs doublets, and its structure is such
that each doublet couples to only one type of fermion, and thus FCNC are not allowed in the model. The next
multi-doublet SUSY Higgs model must include four Higgs doublets [13, 14, 15, 16], because of the condition for
anomaly cancellation, and here we have more possibilities for flavor physics [17]. This type of model is motivated,
for instance, from considerations from LR symmetry or unification. Within this model, which we shall work here,
each doublet is denoted first as Hi(i = 1, 2, 3, 4). Now if we require that one doublet gives masses to each fermion
type, namely, H1 ≡ Hu1 gives mass to up-type quarks, H2 ≡ Hd gives masses to down-type quarks and H3 ≡ Hl
gives mass to charged leptons, then we have an extra Higgs doublet left (H4). However the hypercharge assignments
are such that anomalies must be cancelled. Thus, the fourth doublet should have the same hypercharge as Hu1 ,
and therefore it could only couple to up-type quarks, call this doublet as H4 ≡ Hu2 . Thus, in this “private” SUSY
Higgs model, we could only have FCNC in the up-type quarks, which would predict that the decays t → ch and
H0i → tc occur at some level, where h = H01 and H0i are part of the Higgs spectrum.
The goal of this paper is to construct the private Susy Higgs model, derive the interactions of Higgs boson with
gauge bosons and fermions. Then we want to identify regions of parameter space that are consistent with high
energy data on the Higgs couplings, as derived by LHC. In our model, FCNC only occur in the Up-type quark
sector, and it turns out that constraints from low-energy flavor physics are rather mild, while LHC data on Higgs
couplings to gauge bosons and fermions (including FCNC top decay t → ch) provide stronger constraints. Then,
given the allowed parameter space, we evaluate the expected rate for the FCNC decay t → ch, and compare the
corresponding branching ratio with the current bound obtained at the LHC [18].
The organization of this paper goes as follows. In Section 2 we construct the model, including the Higgs potential
(for this we follow closely Ref. [15]), then we perform the minimization of the Higgs potential (V ) and construct
the scalar mass matrices; we also present an approximate diagonalization of the 4 × 4 matrix. We also discuss the
Yukawa Lagrangian, and derive the interactions of the Higgs boson with the fermions an the gauge boson. Section 3
contains the analysis of Higgs couplings and the constraints obtained from LHC; here we use the Universal Higgs Fit
[19]. Section 4 includes our study of FCNC for the lightest Higgs boson, and compare the corresponding branching
ratio from current bounds from LHC, as well as the expecting limit from future LHC runs. Finally our conclusions
are presented in the section 5.
2
2 The Potential for the SUSY four-Higgs doublet model
The minimal supersymmetric extension of the Standard Model (MSSM) of elementary particles has been extended
by enlarging its scalar Higgs sector. In particular a simple extension of the model contain four-Higgs doublet [15].
In this section we discuss the Higgs potential for the supersymmetric model with four Higgs Doublets, which are
written as follows:
Hui =
(
H+ui
H0ui
)
(i = 1, 2), Hd =
(
H0d
H−d
)
, Hl =
(
H0l
H−l
)
, (1)
where H0k , is given by
H0k =
1√
2
(vk + ηk + iχk) and (k = u1, d, l, u2) (2)
for this, Hui, will have an hypercharge of -1 while for Hd,l it is +1. Here the Higgs doublets with hypercharge of
+1 give mass to the down type quarks sector (Hd) and the charged leptons (Hl). On the other hand, the Higgs
doublets with negative hypercharge generate masses only for the up type quark sector. Notice that the down quarks
and the charged leptons only couple with a single Higgs, whereas the up quark sector could have couplings whit
two Higgs doublets simultaneously. This happens because the fourth Higgs doublet has negative hypercharge, same
as, Hu1 and thus, the only allowed option is that Hu2 interacts with fermions as the first one, i.e. only with the up
quark sector. Thus the mass matrix for up-type quarks will receive contributions for two Yukawa matrices, which
will permit FCNC Higgs couplings for up-type quarks.
As it was show in [15, 16] the scalar potential of the Higgs fields takes the following form
V =
2∑
i=1
(
(|µi1|2 + |µi2|2 +m2ui)(|H0ui|2 + |H+ui|2) + (|µ1i|2 + |µ2i|2 +m2di)(|H0di|2 + |H+di|2)
)
+
(
(µ∗11µ21 + µ
∗
12µ22)(H
0∗
u1H
0
u2 +H
+∗
u1 H
+
u2) + (µ
∗
11µ12 + µ
∗
21µ22)(H
0∗
d1H
0
d2 +H
−∗
d1 H
−
d2) + c.c
)
+
(
2∑
i=1
2∑
j=1
bij(H
+
uiH
−
dj −H0uiH0dj) + c.c.
)
+
g2 + g′2
8
(
2∑
i=1
(|H0ui|2 + |H+ui|2 − |H0di|2 + |H−di|2)
)2
+
g2
2
( 2∑
i=1
|(H+∗ui H0∗ui +H0∗diH−di)|2 −
2∑
i=1
2∑
j=1
(|H0ui|2 − |H0di|2)(|H+uj |2 − |H−dj |2)
)
, (3)
Here Hd2 = Hl. In general the parameters µij and bij could be complex, but for simplicity throughout this paper
we shall take them as real parameters. The VEVs are parametrized in terms the angles α, β and ω as follows:
v1 =
√
2MZ√
(g2 + g′2)(1 + tan2 ω)
cosβ, (4)
v4 =
√
2MZ√
(g2 + g′2)(1 + tan2 ω)
tanω sinα, (5)
vd =
√
2MZ√
(g2 + g′2)(1 + tan2 ω)
sinβ, (6)
vl =
√
2MZ√
(g2 + g′2)(1 + tan2 ω)
tanω cosα, (7)
3
The minimization conditions ∂V
∂H0
ui
= 0 and ∂V
∂H0
di
= 0 evaluated in the VEVs take the following form:
∆u1 + (µ11µ21 + µ12µ22) c
−1
β sαtω − b12c−1β cαtω − b11tβ +
1
4
Mz2
(
c2βc
2
ω − c2αs2ω
)
= 0, (8)
∆d + (µ11µ12 + µ21µ22) s
−1
β cαtω − b21s−1β sαtω − b11t−1β +
1
4
Mz2
(
c2αs
2
ω − c2βc2ω
)
= 0, (9)
∆l − b21sβt−1ω s−1α + (µ11µ21 + µ12µ22) cβt−1ω s−1α − b22t−1ω s−1α cα +
1
4
Mz2sω [c2βcω − c2αsω] = 0, (10)
∆u2 − b12cβc−1α t−1ω − (µ11µ12 + µ21µ22)sβc−1α t−1ω − tαt−1ω b22 +
1
4
Mz2
[
c2αs
2
ω − c2βc2ω
]
= 0. (11)
where ∆u1 = µ
2
11 + µ
2
12 +m
2
u1, ∆d = µ
2
11 + µ
2
21 +m
2
d, ∆u2 = µ
2
21 + µ
2
22 +m
2
u2, ∆l = µ
2
12 + µ
2
22 +m
2
l .
2.1 Higgs Mass Matrices
Let us discuss firts the real parts of the neutral Higgs fields (CP-even), in the base (H0u1, H
0
d1, H
0
u2, H
0
d1), the mass
matrix can be written as follows
M2 =


m2u1u1 m
2
u1d
m2u1l m
2
u1u2
m2du1 m
2
dd m
2
dl m
2
u2d
m2lu1 m
2
ld m
2
ll m
2
u2l
m2u2u1 m
2
u2d
m2u2l m
2
u2u2

 (12)
where each element of the matrix Eq.(12) takes the form
m2u1u1 =
1
2
∆u1 +
1
8
Mz2
(
(2 cos 2β + 1) cos2 ω − cos 2α sin2 ω) , (13)
m2u1d = −
1
2
b11 − 1
2
Mz2 sin 2β cos2 ω, (14)
m2u1l =
1
2
(µ11µ21 + µ12µ22) +
1
2
Mz2 cosβ sinα sin 2ω, (15)
m2dd, =
1
2
∆d +
1
8
Mz2
(
(1− 2 cos 2β) cos2 ω + cos 2α sin2 ω) , (16)
m2dl = −
1
2
b21 − 1
2
Mz2 sinα sinβ sin 2ω, (17)
m2ll =
1
2
∆l +
1
8
Mz2
(
(1 − 2 cos 2α) sin2 ω + cos 2β cos2 ω) , (18)
m2u2u2 =
1
2
∆u2 +
1
8
Mz2
(
(2 cos 2α+ 1) sin2 ω − cos 2β cos2 ω) , (19)
m2u2u1 = −
1
2
b12 − 1
2
Mz2 cosα cosβ sin 2ω, (20)
m2u2d =
1
2
(µ11µ12 + µ21µ22) +
1
2
Mz2 cosα sinβ sin 2ω, (21)
m2u2l = −
1
2
b22 − 1
2
Mz2 sin 2α sin2 ω. (22)
since the CP-even Higgs Mass is symmetric, we only need to give the ten independent components.
2.2 Approximate Diagonalization
Here we shall assume that the i4 (i = 1, 2, 3) entries of the mass matrix are small as compared with the remaining
entries, namely
M2 ≈


m2u1u1 m
2
u1d
m2u1l ǫ1
m2du1 m
2
dd m
2
dl ǫ2
m2lu1 m
2
ld m
2
ll ǫ3
ǫ1 ǫ2 ǫ3 m
2
u2u2

 (23)
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Thus we can perform an approximate diagonalization, i.e. the matrix O(δi) is defined as follows.

h1
h2
h3
h4

 = O(δi)


η1
ηd
ηl
η2

 , (24)
and
M2 = OT (δi)


m2h1 0 0 0
0 m2h2 0 0
0 0 m2h3 0
0 0 0 m2h4

O(δi). (25)
The O(δi) matrix will have the following form (with i = 1, 2, 3) [20]
OT (δi) =


cδ1cδ2 −cδ3sδ1 − cδ1sδ2sδ3 sδ1sδ3 − cδ1cδ3sδ2 0
cδ2sδ1 cδ1cδ3 − sδ1sδ2sδ3 −cδ3sδ1sδ2 − cδ1sδ3 0
sδ2 cδ2sδ3 cδ2cδ3 0
0 0 0 1

 (26)
Therefore we obtain the following expressions for ηi fields, written in terms of the mass eigenstates Hi (i = 1, 4):
η1 = cδ1cδ2h1 − (cδ3sδ1 + cδ1sδ2sδ3)h2 + (sδ1sδ3 − cδ1cδ3sδ2)h3, (27)
ηd = cδ2sδ1h1 + (cδ1cδ3 − sδ1sδ2sδ3)h2 − (cδ3sδ1sδ2 + cδ1sδ3)h3, (28)
ηl = sδ2h1 + cδ2sδ3h2 + cδ2cδ3h3, (29)
η4 = h4. (30)
3 The Yukawa Lagrangian and FCNC in the Up quark sector
3.1 Yukawa Lagrangian
The Yukawa Lagrangian for this model can be derived from the corresponding superpotential, after eliminating the
auxiliary fields (F-terms), it is written as follows
L = u¯iLujR(Y u1 )ijH0u1 + u¯iLujR(Y u4 )ijH0u2 + d¯iLdjR(Y d)ijH0d + l¯iLljR(Y l)ijH0l + h.c. (31)
Unlike the Up sector that interacts with two Higgs doublets at the same time, the down type quarks and the charged
leptons only interact with a single one, implying that the corresponding mass matrices are given by
Mf = Y
f vf√
2
, (32)
where f = d, l, respectively.
After rotating to the mass eigenstate basis,both charged leptons and down type quarks Yukawa matrices become
diagonal, i.e.
Y¯ f =
√
2
vf
M¯f . (33)
On the other hand both Higgs Doublets Hu1 and Hu2, couple with Up-type fermions through the Yukawa
matrices Y u1 and Y
u
4 . After Spontaneous Symmetry Breaking (SSB), these matrices combine to produce a fermion
mass matrix with some structure. The corresponding mass matrix receives contributions from both vevs v1 and v4
, i.e.:
Mu =
1√
2
(v1Y
u
1 + v4Y
u
4 ) , (34)
5
To obtain physical fermion masses we need to diagonalize the mass matrix; this is achieved through a bi-unitary
transformation Ou = V †f Pf , i.e.
MD = OuMuO†u = O
1√
2
(v1Y
u
1 + v4Y
u
4 )O†u, (35)
the form of the matrix Ou depends on the texture type of Mu; closed expressions have been obtained for the 4- and
6-texture hermitian and non-hermitian cases. Although Ou diagonalizes the matrix Mu , it does not necessarily
diagonalize each of the Yukawa matrices, that make upMu , thus neutral flavor violating Higgs-fermion interactions
will be induced in principle.
3.2 Diagonalization of the Up-type quarks mass matrix with 4-texture type
One of the first studies of the 2HDM with textures [21] considered a specific form with six- zeroes, as well as other
variations with cyclic textures. In that work it was identified that the texture assumption implies a specific pattern
of FCNC Higgs-fermion couplings, known nowadays as the Cheng-Sher ansatz, which gives fermion-Higgs couplings
of size
√
mimj
v
. It was found that such vertex could satisfy FCNC bounds with Higgs masses lighter than O(TeV).
The extension of the 2HDM-Tx with a four-zero texture was presented in [22, 23]. The phenomenological conse-
quences of these textures (Hermitian 4-textures or non-hermitian 6-textures) were considered in [24], while further
phenomenological studies were presented in [25, 26, 27]. Several models for Yukawa matrices could be identified
which lead to specific patterns of flavor violating Higgs interactions. For instance, one can assume that the Yukawa
matrices Y u1 and Y
u
4 have the same form (a case that we called “Parallel Textures”). It is also possible to have a
Yukawa matrix, say Y u1 , with some specific texture, while the second matrix Y
u
4 has only some elements different
from zero, at positions that coincide with some elements of Y u1 , as in the so called top-specific models discussed in
the literature [28, 29], we call this case “Semi-parallel textures” [30].
For the 4-texture case the mass matrix takes the form:
Mu =

 0 D 0D∗ C B
0 B∗ A

 (36)
Rather than focusing on an specific model, we study here the features of the 4-Texture case. In such case one can
express one rotated Yukawa matrix in terms of the other one and the mass eigenvalues, namely
M¯u = VLMuV
†
R =
v1√
2
VLY
u
1 VR +
v2√
2
VLY
u
4 VR. =
v1√
2
Y˜ u1 +
v2√
2
Y˜ u4 (37)
Let us focus on an up quark sector. The Lagrangian of the up sector is
Lu = u¯iLujR(Y u1 )ijH0u1 + u¯iLujR(Y u4 )ijH0u2 + h.c., (38)
After substituting H01 and H
0
2 , the Lagrangian becomes:
Lu = u¯iLujR(Y u1 )ij
1√
2
(v1 + η1 + iχ1) + u¯iLujR(Y
u
4 )ij
1√
2
(v4 + η4 + iχ4) + h.c., (39)
Then keeping only the real part and factorizing one obtains
Lu = u¯L
[
1√
2
(v1Y
u
1 + v4Y
u
4 )
]
uR + u¯L
[
1√
2
(η1Y
u
1 + η4Y
u
4 )
]
uR + h.c.,
= u¯LMuuR + u¯L
[
1√
2
(η1Y
u
1 + η4Y
u
4 )
]
uR + h.c.,
(40)
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Then, rotating to the mass basis
Lu = u¯LM¯uuR + u¯L
[
1√
2
(η1Y˜
u
1 + η4Y˜
u
4 )
]
uR + h.c., (41)
where
M¯u =
1√
2
(v1Y¯
u
1 + v4Y¯
u
4 ) (42)
thus, it follows that
Y˜ u1 =
√
2
v1
M¯u − v4
v1
Y˜ u4 , (43)
notice that M¯u is diagonal while Y˜i is not, with i = 1, 4.
Rewriting the Lagrangian in terms of Y u1 and Y
u
2 we obtain
Lu = u¯LM¯uuR + 1√
2
u¯L
[(√
2
v1
M¯u − v4
v1
Y˜ u4
)
η1 + Y˜
u
2 η4
]
uR + h.c.. (44)
Looking the last equation we can see that now, is only necessary to give information about the Y˜ u4 matrix. Once
that we discuss the Yukawa Lagrangian, we can get the couplings in the up sector.
With Eq (24) then we can obtain the couplings in the Up-type quark sector,
gh1uiuj =
cδ1cδ2
vcβ
[√
2(M¯u)ij − vtωcα(Y˜ u4 )ij
]
, (45)
gh2uiuj = −
cδ3sδ1 + cδ1sδ2sδ3
vcβ
[√
2(M¯u)ij − vtωcα(Y˜ u4 )ij
]
, (46)
gh3uiuj =
sδ1sδ3 − cδ1cδ3sδ2
vcβ
[√
2(M¯u)ij − vtωcα(Y˜ u4 )ij
]
, (47)
gh3uiuj = (Y˜
u
4 )ij , (48)
the down sector,
gh1dd =
M¯d
vsβ
cδ2sδ1 , (49)
gh2dd =
M¯d
vsβ
(cδ1cδ3 − sδ1sδ2sδ3), (50)
gh3dd = −
M¯d
vsβ
(cδ3sδ1sδ2 + cδ1sδ3). (51)
and the lepton sector.
gh1ll =
M¯l
vtωsα
sδ2 , (52)
gh2ll =
M¯l
vtωsα
cδ2sδ3 , (53)
gh3ll =
M¯l
vtωsα
cδ2cδ3 . (54)
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And now focusing on the Higgs Lagrangian, we can also get the hiWW couplings, which are expressed as follows
gh1WW = 2
m2W
v
[cβcδ1cδ2 + sβcδ2sδ1 + tωsαsδ2 ] (55)
gh2WW = 2
m2W
v
[−cβ(cδ3sδ1 + cδ1sδ2sδ3) + sβ(cδ1cδ3 − sδ1sδ2sδ3) + tωsαcδ2sδ3 ] (56)
gh3WW = 2
m2W
v
[cβ(sδ1sδ3 − cδ1cδ3sδ2)− sβ(cδ3sδ1sδ2 + cδ1sδ3) + tωsαcδ2cδ3 ] (57)
gh4WW = 2
m2W
v
tωcα (58)
4 Model constraints from LHC tests of Higgs properties
After the previous Yukawa and Higgs sector analysis, we can compare our 4HDM Higgs couplings, with the Standard
Model Fit as performed in [19], which provides the most generic fit in terms of Higgs couplings with pairs of
t, b, τ,W,Z, g, γ. This is done through the expression ri = 1 + ǫi, where
ri =
gModelhi
gSMhi
, (59)
with i = t, b, τ, ..., gModelhi and g
SM
hi are the Higgs couplings with fermions and bosons for the private model and the
standard model respectively. We compare the corresponding ǫi as derived in [19], with the one that our Private
Higgs model provides. In particular we chose, the ǫb, ǫτ , ǫW and ǫZ terms, in order to obtain constraints that will
be applied for our calculation of BR(t→ ch), which we shall study in the next section.
Then with
ǫb = −0.19± 0.28, (60)
ǫW = −0.20± 0.13, (61)
ǫτ = −0.03± 0.17, (62)
ǫZ = 0.00± 0.10 (63)
The following plots show our results ri − 1, that will be represented by a black line. The red dotted line
corresponds to the mean value of ǫi, the green and the blue line represents the value of ǫi at 95% C.L. Form these
figures we shall identify allowed regions for the specifica variable under considerations, i.e. the angles δ1, δ2, δ3
(a) ǫb vs rb − 1 (b) ǫW vs rW − 1
Figure 1:
Figure 1a show us that the deviation for the botton coupling permits two regions: 1 < δ1 < 2.6 and 5.8 < δ1 < 7
rads approximatly. On the other hand figure 1b shows that the deviation of the Higgs coupling with the W boson
permits the region 1.0 < δ2 < 1.75 .
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(a) ǫτ vs rτ − 1 (b) ǫZ vs rZ − 1
Figure 2:
It is possible to appreciate from figure 2a, that the deviation for the τ coupling permits two regions: 1.5 < δ3 <
2.6 and 5.8 < δ3 < 6.8 rads. On the other hand figure 2b shows that the deviation of the Higgs coupling with the
Z boson permits the region 0 < δ3 < 0.18 and 0.69 < δ3 < 1.2. It is important to mention that all plots below, the
δi angles are measure in rads.
Therefore through our numerical exploration , we can obtain the parameters region, which allows to estimate
the BR(t → ch) as we shall see next. For instance one finds the followings points: β ≈ 1.5, ω ≈ 1.5, α ≈ 3pi16 , v =
246GeV, δ1 ≈ pi16 and δ2 ≈ pi9 are allowed by the Higgs couplings.
It is interesting to see how the vertices htt¯,hcc¯ and htc¯, behave as function of the model parameters. Our aim
is to find some correlation and see if one could derive some regularity and/or prediction for those deviations from
the SM couplings. The explicit expressions for these couplings are:
gh1cc¯ =
cδ1cδ2
vcβ
[√
2Mc − vtωcα(Y˜ u4 )22
]
, (64)
gh1tt¯ =
cδ1cδ2
vcβ
[√
2Mt − vtωcα(Y˜ u4 )33
]
, (65)
gh1tc¯ =
cδ1cδ2
vcβ
[
−vtωcα(Y˜ u4 )23
]
. (66)
It could be convenient to form the following ratios, which can also serve as a test of the SM predictions, namely
R cc
tt
=
ghcc
ghtt
=
√
2Mc − vtωcα(Y˜ u4 )22√
2Mt − vtωcα(Y˜ u4 )33
(67)
=RSMcc
tt
1− tωcαχu22√
2
1− tωcαχu33√
2
, (68)
where RSMcc
tt
= mc
mt
, and χuij is the O(1) coefficients that depend on the specific texture of the Yukawa matrices.
For the specific values χ22 = χ33, we can see that
R cc
tt
= RSMcc
tt
(69)
Similarly, we can also evaluate the ratio for the FCNC coupling as follows
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R tc
tt
=− vtωcα(Y˜
u
4 )23√
2Mt − vtωcα(Y˜ u4 )33
(70)
=− vtωcα(Y˜
u
4 )23√
2Mt
1
1− vtωcα(Y˜ u4 )23√
2Mt
(71)
=
√
RSMcc
tt
tωcα√
2− tωcα
√
RSMcc
tt
. (72)
Again for the specif values χ22 = χ33 we obtain R tc
tt
= 0.148649
√
RSMcc
tt
.
Then, we can plot the Yukawa couplings as a function of the mass, for the Up-, Down-type quarks and lepton
couplings. By using eq. (45,49,52), one can express the Yukawa couplings as functions of the model parameters,
which are now fixed, in order to determine the slope for each of the Higgs couplings.
Figure 3: ghf vs
mf
v
We can see that the Higgs couplings with up-typequarks lies above the SM line, whereas the Higgs coupling
with down quarks and leptons lines lie below the SM line. It this expected that a future linear collider, working as
a Higgs factory, will reach the precision needed to distinguish our model from the SM prediction.
5 Model implications for BR(t→ ch)
Top quark rare decays has been studied for several years as a channel to search of new physics [31, 32, 33], including
a variety of theoretical calculation for BR(t → ch). As we have seen, our model provides a coupling that allows
FCNC in the up sector, therefore we can obtain a prediction for the FCNC BR of top quark decays. So far, LHC
has provided the limit B.R.(t → ch) < 2 × 10−3. On the other hand, Ref. [18], provides some estimates for the
branching ratios for t → ch that could be proved at the different phases of LHC. For instance, it is claimed there
that top decay processes provide the best channel to discover top FCNC interations, while only in some cases it is
surpassed by single top production, when up and charm quark interactions are involved. In some of the examples
discussed in ref [18], the maximum rates predicted to be observable with a 3 σ statistical significance or more, for
one LHC year with a luminosity of 6000 fb−1. For the decay of our interest, t → ch, the top FCNC branching
ratio that could be proved at this future phase of LHC, is BR < 5.8× 10−5, which we disply in the figures 6-8, to
ilustrate the regions of parameters that can be proved at LHC within our model.
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We use the following expresion for the branching ratio,
BR(t→ ch) = Γ(t→ ch)
Γtot
(73)
where the total top width is given by: Γtot ≈ 1.55GeV , and the width for the FCNC top decay is:
Γ(t→ ch) ≈ g
2
htc
32π
v2
f2
mt
(
1− m
2
h
m2t
)2
(74)
here ghtc is given by equation [43], and v = 246GeV , f ≈ 1 TeV.
Figure 4: BR for (t→ ch) as function of the parameter α with ω = pi8 , β = pi16
From figure 4 we can see that the range of Br(t → ch), as function of the parameter α predicted within our
model lies bellow the current LHC limit, and also bellow the expected future reach, for the whole range of α.
Figure 5: BR for (t→ ch) as function of the parameter ω with α = pi3 , β = pi16
From figure 5 we notice that for values of ω 1.5 and 1.7, LHC already excludes the decay t → ch, for values
of ω between 1.2 to 1.5, whereas the range from 1.7 to 2.0, could be at the reach of the future LHC limits. The
11
remaining range of omega, will not be tested at LHC, but its possible that a very large Hadron collider could prove
part of that region.
Figure 6: BR for (t→ ch) as function of the parameter β with α = pi3 , ω = pi8
From figure 6 we notice that values of β between 1.4 to 1.58 and 1.62 to 1.7, could be at the reach of the future
LHC limits, whereas for values of β between 1.59 and 1.61, are already excludes based on the value of B.R.(t→ ch)
tested at LHC. The remaining range of β, will not be tested at LHC, but once again its possible that a very large
Hadron collider could prove part of that region.
6 Conclusions
We presented a private SUSY Higgs model, which includes four Higgs doublets, where each fermion type (up,
down, and charged leptons) got their masses from a different Higgs doublet Hf (f = u, d, e). From the anomaly
cancellation constraint, we find that the remaining doublet Hu4 could only couple with Up-type quarks, and thus
in this way FCNCs are allowed in this sector. We studied the Yukawa Lagrangian and the Higgs potential of
the model, in order to identify the Higgs mass eigenstates and their interactions. Then we identified the Yukawa
couplings with our lightest scalar h1. By relying on the Universal Higgs fit (UHF), which imposses the LHC limits
on Higgs couplings within the linear approximation, we have derived the constraints on the parameter space of our
Private Higgs model. We also evaluated the ratios of the couplings htt¯, hcc¯ and htc¯, and compare them with the
SM predictions. Then, we presented plots for the Yukawa couplings as a function of the normalized mass, showing
that some deviation from the SM prediction arise within our model. In our model we observed that Up-type quarks
couplings lie above SM line, on the other hand Down-type quarks and charged lepton coupling lie below SM line.
For the derived viable region of parameter space, we have calculated the branching ratio for the decay t → ch,
and compare our results with the bounds obtained at LHC. We found that the LHC constraints on the decay
t → ch, already rule out some regions of parameters, while in other cases we obtain branching ratios of order
B.R.(t→ ch) ≈ O(10−5), which are still allowed by current LHC limits, but which will be probed in future phases
of LHC.
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